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Previous research has demonstrated that form variables can increase television view ers" sense of presence. The current broadcasting of high-definition television (HDTV) programming makes testing this relation between form and presence possi ble in a new context, image quality. In this experiment, television viewers watched ei ther HDTV or standard-definition television images and then rated their viewing ex perience on a pencil-and-paper questionnaire. The results demonstrate that HDTV provided viewers with a greater sense of presence than the current standard, thus pro viding empirical evidence for the claim that improved image quality will lead to tele vision viewers" experiencing presence. Additionally, the results suggest that with the coming of HDTV, sensations of presence will be both stronger and more common.
The quality of television images watched in America's living rooms is about to change dramatically with the conversion to high-definition television (HDTV), currently scheduled for 2007. There are many speculations about the changes that HDTV will bring to our viewing experience, including those about viewers be coming tired from the additional visual information, and about the changes in viewing habits. Krugman (1983) suggested that HDTV will provide television au diences with such intense viewing experiences that audience members will want to continue to watch their old standard television set for more relaxing viewing. It seems likely that content may also play a part in the selection of image quality. However, although there are studies that explore television viewers' preferences for HDTV there has not been an empirical investigation that has explored the psy chological responses to improvements in image quality. In this study, I explored the relation between improved image quality (with HDTV) and the amount of presence reported by television viewers.
PRESENCE
First introduced as telepresence by Minsky (1980) and referring to a physical sense of "being there'' in a remote, mediated location, presence today has been investi gated by researchers in a diverse set of disciplines, including communication, psy chology, computer science, and engineering. Recently, presence has been ex tended from research on virtual reality to more traditional media, and with the exception of film (where a concept similar to presence is known in film studies as the diegetic effect; Burch, 1979) , it has not been widely studied by empirical media scholars.
Presence has been accepted as a psychological phenomenon (Botella, Banos, & Alcaniz, 2003; Schubert, Friedman, & Regnebrecht, 2001 ), but there are differ ences in how it has been conceptualized. Previous conceptualizations have in cluded a sense of being there or being inside a mediated environment (Sheridan, 1992; Slater, & Wilbur, 1997) . While presence was initially conceptualized as a unidimensional construct, researchers have more recently come to understand it as "a variable with various levels and dimensions" (Biocca & Delaney, 1995, p. 62) , and presence was conceptualized as a multidimensional concept by .1 The conceptualizations were combined into an overarching defini tion of presence as a "perceptual illusion of nonmediation" (Lombard & Ditton, 1997, Presence Explication, ⁋2) .
Although this definition has been widely accepted, there continue to be addi tional modifications. There has been a debate on whether presence research should be limited to mediated interactions; Lee (2004) argued that it should be extended to include nonmediated interaction. However, the majority of presence researchers argue that presence research should be restricted to mediated interactions (David, 2004) .
In an effort to create agreement among presence researchers, an online discus sion helped to establish a inclusive definition of presence:
A psychological state or subjective perception in which even though part or all of an individual's current experience is generated by and/or filtered through human-made technology, part or all of the individual's perception fails to accurately acknowledge the role of the technology in the experience. (Lombard, 2000, ⁋||2) According to Lombard, Reich, Grabe, Bracken, and Ditton (2000) , the term perceptual indicates that this phenomenon involves continuous (real-time) re sponses of the human sensory, cognitive, and affective processing systems of a per son's environment. The illusion of nonmediation occurs when a person overlooks or fails to perceive the existence of a medium or a technology in his or her commu nication environment and responds as if the medium were not there. It should be noted that this illusion does not represent a perceptual or psychological malfunc tion or psychosis in which the mediated experience is consciously confused with what is nonmediated or real. There is evidence that when asked, users of any cur rent or likely future medium can accurately report that they are using a medium . As a perceptual illusion, presence is a property of a person, and because it results from an interaction among formal and content char acteristics of a medium and characteristics of the media user, it can and does vary across individuals and across time for the same individual.
Presence is typically measured through subjective assessment (which has been shown to be reliable and valid; see Kim & Biocca, 1997) . Although some have sug gested other useful simultaneous indicators, which include physiometric (e.g., heart rate see Dillon, Keogh, Freeman, & Davidoff, 2001 ) measures and task per formance (e.g., secondary reaction time; see Barfield & Weghorst, 1993) , a corre lation between the posttest subjective measures and physiological measures has not been confirmed.
Presence and Television
Prior studies have provided evidence that television, although not as immersive as virtual reality environments, can induce a sense of presence (Kim & Biocca, 1997; Lombard et al., 2000) . In an experiment examining participants' presence re sponses to the point-of-view movement camera technique (in which the viewers saw the action through the eyes of the character or real-life actor), participants viewed either a large (46-in. projection) or small (12-in.) television screen . They found that participants who watched the large screen television reported feeling a greater "sense of physical movement,'' enjoyment, and involvement than viewers who watched the scenes on a small screen television (p. 92).
Additionally, traditional media effects have been influenced by the experience of a sense of presence during television viewing. For example, Kim and Biocca (1997) studied the impact of the experience of a sense of presence on the percep tions of the persuasive nature of a televised infomercial. They defined presence as the "feeling of being a part of the phenomenal environment created by the televi sion set'' and found that participants who reported a greater sense of presence felt more confident in their choice of brand. Other media effects that have been exam ined include source credibility (Bracken, Neuendorf, & Jeffres, 2003) . The role of screen size and its effect on both the sensations of presence and the perceptions of source credibility of presidential candidates seen in televised debates was ex plored. The results indicate that perceptions of source credibility were impacted by the experience of dimensions of presence, specifically, immersion. However, the candidates were rated as less credible on the larger screen. Additionally, Botta and Bracken (2002) in an experiment manipulating screen size, found that viewers who were exposed to action adventure movie content (Terminator 2, Cameron, 1991) , reported more sensations of presence on the larger screen. Further, viewers who re ported experiencing one of two presence dimensions (immersion or perceived real ism) while viewing had an increased extent to which men reported a drive to be muscular and women reported a drive to be thin.
Although these previous studies demonstrate that television form variables, such as screen size, have been found to play a role in the creation of the sensations of presence experienced by television viewers, there has only been speculation that image quality impacts the amount of presence experienced by television audi ences, with improved image quality (higher resolution) leading to greater sensa tions of presence .
Presence and Image Quality asserted that image quality is a form variable that is likely to impact the extent to which television viewers experience presence. How ever, to date there has not been a study that linking image quality and experiences of presence. There are few empirical studies conducted on viewers' responses to image quality, in part due to the difficulty of obtaining or creating stimuli, the re sults are consistent. Specifically, Neuman (1988) , in an experiment that examined viewing distance and image quality preference, found that participants who sat closer to the screen preferred high-definition (HD) images to standard definition (NTSC) images. Neuman (1990) found that viewers preferred larger images with any image resolution. However, for 35-and 180-in. displays, the better the image quality was, the more positive the overall reaction was. Reeves, Detenber, and Steuer (1993) examined the effect of image and audio fidelity on attention, mem ory, and evaluation of content. In a within-subjects experiment, 40 participants viewed 16 one-minute clips from films originally created for cinemas. The partici pants were exposed to both low-fidelity video (low resolution and low signal-to-noise ratio) and high-fidelity video (high resolution and high signal-tonoise ratio) versions. The findings demonstrated a preference for high-fidelity video but no significant increase in attention or memory.
Presence and Gender Differences
Across previous research on presence and television, some findings (both causal and correlational) have shown that men and women seem to respond to form changes in different ways. In an experiment manipulating content and screen size (small vs. large; described previously), Lombard et al. (2000) found that female participants were more sensitive to differences in screen size than were male par ticipants, with women reporting more presence-related responses than men. Other correlational studies have also found differences in the effects (and experiences) of presence on women and men. In a survey exploring the possible relation between the experience of presence while viewing television and body eating disorders, Botta and Bracken (2004) found that women who reported perceiving television as more realistic (a dimension of presence) also had a higher acceptance of idealized television images (a contributing factor in the development of eating disorders). In contrast, men in the study who reported a higher sense of immersion were more likely to have a higher acceptance of the idealized television image. These results suggest that a gender difference may exist between how women and men respond to experiencing sensations of presence.
HDTV
HDTV is being introduced as the new standard for television in the United States. What makes HDTV a superior television viewing experience is primarily an im provement in the image quality seen by viewers. The HDTV standard adopted in the United States will provide viewers with up to 1080 lines versus the current NTSC standard of 480 lines on the screen. The United States is also simulta neously converting to digital displays (vs. the current analog standard), so televi sion programming will seem more like watching a DVD versus a VHS tape to the average television viewer. HDTV has been characterized as "video and audio in formation at a quality level that exceeds that of NTSC, PAL, and SECAM televi sion standards'' (Dupagne & Seel, 1998, p. 47) . Another difference is that HDTV uses a 16:9 aspect ratio (widescreen) versus the current NTSC standard of 4:3. This distinction is important because, like seeing a film in the cinema, widescreen tele vision allows the viewer to see more of the mediated environment. Dupagne and Seel asserted that these changes to television form will "accentuate the psy cho-physical perception of 'telepresence'" (ρ. 60).
HDTV and the Television Audience
The general television audience is largely aware of the existence of HDTV. A re cent survey conducted by the Cable & Telecommunication Association for Mar keting (2002) found that 60.3% of Americans were aware of the existence of HDTV. However, only 28.6% reported ever seeing HDTV. Even so, Americans re ported the desire to own television sets with larger screens, most of which are HDTV-compatible (Bracken & Atkin, 2004) . These results are consistent with past studies that have found that when people see HDTV, they rate the picture quality as superior and report an increase in the desire to own a HD-compatible television set.
Overall, television audiences have reported preferring the improved image quality of HDTV and have expressed an interest in obtaining HD-compatible television sets (Atkin, Neuendorf, Jeffres, & Skalski, 2003) .
Hypotheses
The preceding literature review provided the foundation of the following hypotheses.
H1: Viewers who watch television in HD will report experiencing a higher level of immersion than viewers who watch television in NTSC. H2: Viewers who watch television in HD will report experiencing a higher level of spatial presence than viewers who watch television in NTSC. H3: Viewers who watch television in HD will report experiencing a higher level of social presence-passive interpersonal than viewers who watch televi sion in NTSC. H4: Viewers who watch television in HD will report experiencing a higher level of perceptual realism than viewers who watch television in NTSC. H5: Viewers who watch the images in HD will report experiencing a higher level of negative physiological responses than viewers who watch televi sion in NTSC. RQ1: Does the gender of the television viewer influence the amount of each di mension of presence experienced?
METHOD Overview
This study employed a between-subject 2 × 2 (Image Quality × Gender) experi mental design. Ninety-five viewers watched a video clip in either HDTV (1080 lines) or NTSC (480 lines). The images were displayed on the same television (a rear-projection television with a 65-in. widescreen [16:9] screen). The television was capable of displaying 1080 lines (HD) and also 480 lines (NTSC). Approxi mately half of the participants watched the video in HDTV (17 men and 25 women), and the other half watched the video in NTSC (22 men and 31 females). The participants viewed individually, and the video was switched after every other participant to ensure there was not a difference between the two groups (HD vs. NTSC) based on when they viewed.2
Stimulus
The video shown to the participants was a JVC demonstration tape that was distrib uted with the JVC HD-DM 30000 D-VHS videocassette recorder entitled The Beauty of Japan. The demonstration tape was filmed in and created for playback in HD (D-VHS format). The author created a second copy of the video clip by record ing it in NTSC with a down-converting feature of the same VCR.3 This particular clip was used because of the difficulty of obtaining stimulus materials in HDTV and the lack of equipment available that allows consumers to record programming currently being aired in HD. The video clip was 13 min long and included outdoor and indoor scenes without text or graphics, both of which were likely to remind the viewer that they were watching a created message . The content was footage displaying real people and places in modern-day scenes of rural and urban Japan. The video showed segments of people carrying torches, drinking from cool water falls, and preparing tea. The people on the screen were quite prominent in the back ground, and there were vocalizations, but there was not any discernable dialogue between the actors, just background music.
Participants
The 95 undergraduate students who participated in the experiment were between 19 and 55 years old (M = 25.9, SD = 7.69, Mdn = 23.0). Thirty-nine participants were male, and 56 were female. Sixty-eight percent (n = 65) were White, 21.1% (n = 20) were African American, and the remaining 10.6% (n = 10) were Asian, Pa cific Islander, or Hispanic.
Procedure
Each participant was met by the experimenter and escorted into a carpeted, 8 × 10-foot room that contained a television, a D-VHS videocassette recorder, and a comfortable chair that faced the television screen. Various other amenities, such as a decorative table lamp and pictures on the wall, allowed the participant to feel as if they were in a living room. In both conditions, the chair was placed 6 feet from the front of the screen.4
The experimenter explained to the participants that they would be watching a 13-min video clip and that after the video clip was over they would be brought to another room to complete a questionnaire. The second room contained two tables and two chairs. The experimenter instructed the participant to sit at one of the ta bles and to answer a paper-and-pencil questionnaire. The experimenter empha sized that there were no wrong answers and that the participant should follow the directions in the questionnaire. The entire procedure took about 35 min.
Dependent Measures
Immersion. Participants responded to a 7-ρoint scale with some Likert-type and other Semantic Differential scales. The items were adapted from Lombard and Ditton (2001) and Lessiter, Freeman, Keogh, and Davidoff (2001) to measure the extent to which television viewers felt a sense of involvement or connection when they watch television programs and movies. The six questions or statements were: "How involving was the media experience?" "How completely were your senses engaged?" "To what extent did you experience a sensation of reality?" "I lost track of time," "I felt that the displayed environment was part of the real world," and "I felt surrounded by the displayed environment." Cronbach's alpha for the additive index was .81.
Spatial presence. Participants responded on a 7-point Likert-type scale for three questions designed by Lombard and Ditton (2001) to measure the extent to which viewers experienced a sense of sharing a physical space. The three ques tions were: "How much did it seem as if the objects and the people you saw/heard had come to the place you were?" "How much did it seem as if you could reach out and touch the objects or people you saw/heard?" and "How often when an object seemed to be headed toward you did you want to move out of its way?" Cronbach's alpha for the additive index was .70.
Social presence-passive interpersonal. Participants responded from 1 (not well) to 7 (very well) on a Likert-type scale for two questions designed by Lombard and Ditton (2001) . The questions measured the extent to which viewers could sense characters' behaviors on television. The two questions were "During the media experience how well were you able to observe the facial expressions of the people you saw/heard?" and "During the media experience how well were you able to observe the body language of the people you saw/heard?" Cronbach's alpha for the additive index was .78.
Social realism. Participants responded on a 7-ρoint Likert-type scale for three questions designed by Lombard and Ditton (2001) to measure the extent to which television viewers feel that television programming is an accurate portrayal of reality. The three statements were "The events I saw/heard would occur in the real world." "The events I saw/heard could occur in the real world," and "The way the events I saw/heard occurred is a lot like the way they occur in the real world." Cronbach's alpha for the additive index was .87.
Perceptual realism. Participants responded from 1 (not at all) to 7 (very much) on a Likert-type scale for six questions designed by Lombard and Ditton (2001) to measure the extent to which television viewers feel a sense realism when viewing television. The six questions were "How much did the things/people in the environment you saw/heard SOUND like they would if you experienced them di rectly?" "How much did the things/people in the environment you saw/heard LOOK like they would if you experienced them directly?" "How much did the things/people in the environment you saw/heard SMELL like they would if you ex perienced them directly?" "How much did the things/people in the environment you saw/heard FEEL like they would if you experienced them directly," "How much did the heat or coolness (temperature) of the environment you saw/heard feel like they would if you experienced them directly?" and "How much did you feel like the events you saw/heard were happening to you?" Cronbach's alpha for the additive index was .85
Physiological presence responses. Participants responded from 1 (ab sent) to 4 (severe) for five questions designed by Lombard and Ditton (2001) 
RESULTS
Separate two-way analyses of variance with image quality and gender as inde pendent variables were conducted for each of the hypotheses.
Some evidence was found for Hl, which predicted that viewers who watched the HDTV images would report feeling more immersed than viewers who watched the NTSC television images, F(l, 95) = 3.35, p = .06 (see Table 1 ). Participants who viewed the HD television images (M= 4.17, SD = 1.24) reported feeling more immersed than viewers who watched the NTSC television images (M = 3.71, SD = 1.20).
H2, which predicted that television viewers who watched the images in HD would report experiencing a higher level of spatial presence was supported. F(l, 95) = 4.18,p = .04 (see Table 1 ), with viewers who watched HD television images (M = 2.93, SD = 1.34) reporting greater feelings of spatial presence than NTSC television viewers (M = 2.38, SD = 1.22).
H3, which predicted that television viewers who watched the images in HD would report experiencing a higher level of social presence-passive interpersonal was supported. F(l, 95) = 4.19, p = .04 (see Table T ). The viewers who watched HD television images (M = 3.47, SD = 1.12) reported more social presence-pas sive than NTSC television viewers (M = 2.92, SD = 1.39).
H4, which predicted that television viewers who watched the images in HD would report experiencing a higher level of perceptual realism, was significant. F(l, 95) = 4.19, p = .04 (see Table 1 ). The viewers who watched the video in HD reported more of a sense of perceptual realism (M = 3.92, SD = 1.45) than those viewers who watched the video in NTSC (M = 3.31, SD = 1.44).
Some support was found for H5. which predicted that television viewers who watched the images in HD would report experiencing a higher level of negative physiological responses, F(l, 95) = 3.50, p = .06 (see Table 1 ). Viewers who watched the program in HD reported experiencing more negative physiological re sponses {M = 1.32, SD = 0.46) than the viewers who watched the video in NTSC (M= 1.18, SD = 0.25). 
Gender
There was not a difference found for a main effect of gender on the majority of presence dimensions. The one exception was a significant main effect for gender, F(l, 95) = 4.19,/? = 0.04, with women reporting more perceived realism (M = 3.82, SD = 1.49) than men (M = 3.25, SD = 1.39; see Table 1 ). Additionally, there was not a significant difference for the interaction between image quality and gender.
Additional Analyses
HDTV is said to provide a superior picture. An independent-sample, nondirectional (i.e., two-way) t test was conducted to test the participants' percep tions of picture quality with actual image quality (HD vs. NTSC) as the independ ent variable. Participants who viewed the HD television images reported that the picture quality was higher (M = 6.43, SD = 1.17) than viewers who watched the NTSC images (M= 5.11, SD = 1.71; t = -4.26,/? = .001, η2 = .163). Additionally, the amount of television viewing was tested to see if it played a role in viewers' experiences of presence. The participants were asked about the amount of television they watched on both a weekend and a weekend day. The amounts were weighted and averaged to create an average viewing day. The aver age television viewing variable was included in the analysis of variance as a covariate. For all of the presence variables, regular television viewing amounts was not a factor in viewers' experience of presence dimensions, nor was the size of the television viewed most often.
DISCUSSION
These results suggest that image quality does indeed influence the amount of pres ence reported by television viewers, confirming previous speculation . There were significant differences or differences that approach sig nificance for all five of the presence dimensions tested, thus presenting a clear case that improved image quality increases the amount of presence sensations experi enced by HDTV viewers. The results also suggest that television viewers will ex perience a greater level of presence and a wider variety of presence dimensions when the conversion to HDTV is completed.
These findings provide support for the assertions of previous researchers Lombard et al., 2000) , who suggested that television form plays a role in evoking a sense of presence in television viewers. Additionally, the re sults of this study support the previous assertion that form variables can influence sensations of presence and specifically provide evidence that changes in image quality can impact television viewers' sense presence.
In particular, the higher levels of immersion reported by viewers in the HD con dition suggest that they were more involved with the content, and the use of neutral content in this study suggests that viewers will be even more immersed in the con tent they select and view on a regular basis. Related to immersion, the dimensions of spatial presence and the differences in the levels of reported physiological re sponses between the conditions (HDTV vs. NTSC) suggested that audiences do feel a sensation of being in a shared mediated space and, further, that they may have (negative) physiological responses to the mediated environment. The differ ence in the experience of physiological responses in the HDTV condition also sug gests that image quality contributes both to a sensation of presence dimensions and to the physical consequences of such experiences. Some of the physical conse quences may lead viewers avoid content with lots of camera movement or cuts, es pecially viewers who are prone to motion sickness.
The findings of the social presence-passive interpersonal dimension were inter esting, as this dimension inquired largely about the nature of the characters or peo ple in the mediated environment. Although the video was mainly comprised of scenes with people interacting in the background, the actors' body movement was visible, allowing the viewers to identify individuals and their nonverbal expres sions. The HD viewers reported being able to observe the people's facial expres sion and body movement on the screen significantly better than the viewers who watched the same scenes in NTSC. Again, the improved image quality of HDTV provided audiences with the opportunity to see more of the action (in this case) nonverbal communication, and therefore, perhaps they perceived the television en vironment as one that could approximate a nonmediated interaction.
Evidence that gender played a role in the experience of dimensions of pres ence was only found for the perceptual realism dimension (a finding consistent with previous findings on body-image disturbance; Botta & Bracken, 2004) . This is particularly interesting because the content was footage displaying real people and places and because women reported that the content seemed more perceptually real; it may be that women evaluate some types of nonfictional tele vision content as more real than men. This also suggests that the same may be true for fictional programming.
These results are important because the selling point used by television manu facturers for HDTV is that viewers will feel as if they are "there" or part of the ac tion. For example, the ESPNHD (2004) Web site (the ESPN HD channel) states "with a dramatic widescreen picture so clear, you'll feel like you are actually at the game." Additional research is needed to better understand viewers' experiences of presence dimensions with varying content and to investigate whether and how women are affected by presence differently than men. The results also suggest that the distinction between television content and form (screen size, image quality) needs to be further examined.
The results of this study are tempered by the limited content available at the time the study was conducted. Specifically, the nature of the video clip with its lim ited interaction of characters did not allow for the testing of other social presence dimensions. Additionally, the physiological response measures in this study were posttest subjective measures and did not include any concurrent measurements.
CONCLUSION
Improved image quality did influence the amount of presence reported by televi sion viewers. The results also suggest that as more people purchase and watch HDTV, we will see an increase in the both the number of presence dimensions and the frequency of such sensations being experienced in home viewing environ ments. Furthermore, because previous research suggests that presence plays a role in the strength of other media effects, these findings seem to indicate that levels of media effects may be on the increase. The results also suggest that this increase in media effects may impact female viewers more than male viewers.
